Introduction
============

Proximal humeral fractures are the second most common fracture of upper extremity among older adults and account for 5% of all adult fractures.[@b1-cia-12-2047] The incidence of proximal humeral fractures is high in elderly people with longer life expectancy.[@b2-cia-12-2047] Non-displaced and minimally displaced fractures, as the majority of proximal humeral fractures, can be managed conservatively to achieve satisfactory shoulder function.[@b3-cia-12-2047] However, for displaced proximal humeral fractures in the elderly, there are various options including surgical and conservative treatments for the management of these fractures.

An open reduction and internal fixation is currently the most common treatment for the majority of displaced proximal humeral fractures. Locking plates and intramedullary nails are commonly used for stable fixation of proximal humeral fractures.[@b4-cia-12-2047],[@b5-cia-12-2047] Good results with locking plates have been reported for displaced proximal humeral fractures, but they are associated with a high rate of complications.[@b6-cia-12-2047]--[@b8-cia-12-2047] Hence, intramedullary nails have become an attractive alternative treatment due to their superior biomechanical advantages including significant stiffness and higher load to failure.[@b9-cia-12-2047],[@b10-cia-12-2047] However, intramedullary nails do not contribute to satisfactory fracture reduction and the damage to rotator cuff may compromise the shoulder function.[@b11-cia-12-2047],[@b12-cia-12-2047] Conservative treatment is also an alternative for proximal humeral fractures in the elderly. Although conservative treatment does not achieve stable fracture fixation, better radiographic outcomes and early mobilization, it is reported to lead to a satisfactory shoulder function and lower complication rate.[@b13-cia-12-2047],[@b14-cia-12-2047]

The superior management of displaced proximal humeral fractures in the elderly still remains a controversy. In several previous studies, proximal humeral fractures were treated with intramedullary nails, locking plates or conservative treatment, but various clinical outcomes and complications were reported.[@b12-cia-12-2047],[@b15-cia-12-2047],[@b16-cia-12-2047] No consistent conclusion was obtained for the management of proximal humeral fractures. There was only one retrospective study comparing the functional results of locking plates, intramedullary nails and conservative treatment for displaced proximal humeral fractures, but the sample size was not large enough.[@b16-cia-12-2047] Therefore, a high-level evidence trial is needed to explore whether there is a superior treatment option among locking plates, intramedullary nails and conservative treatment for the management of displaced proximal humeral fractures in the elderly. We conducted a prospective study to compare clinical outcomes of locking plates, intramedullary nails and conservative treatment for displaced proximal humeral fractures in the elderly.

Patients and methods
====================

A total of 198 patients with displaced proximal humeral fractures from February 2010 to December 2014 were recruited in the study. They were scheduled to fixation of locking plates or intramedullary nails or conservative treatment. The inclusion criteria included 2-part proximal humeral fractures or 3-part proximal humeral fractures (as classified with the Neer system) and patients aged \>60 years. The exclusion criteria were as follows: multiple fractures of ipsilateral upper extremity, open fractures, pathological fractures, concomitant plexus or nerve injuries, and severe mental illness, accompanied by systemic diseases affecting fracture healing. The patients were divided into the plate group (locking plates) or the nail group (intramedullary nails) at discretion of the treating physician and finally of the patient ([Figure 1](#f1-cia-12-2047){ref-type="fig"}). The patients who declined surgical treatment and only agreed to receive conservative treatment constituted the conservative group. Radiographs including an anteroposterior view of the shoulder, a lateral view of the scapula and a Velpeau axillary view were obtained to confirm the type of fracture. This prospective study was approved by the Committee of Medical Ethics and the institutional review boards of Shanghai Tenth People's Hospital. Written informed consents were obtained from all the patients prior to participation. The study was carried out according to the standards of the Declaration of Helsinki.

Intervention and procedures
---------------------------

All surgeries were performed with patients in beach chair position under general anesthesia.

### Plate group

A deltopectoral approach was used to expose fracture site in the plate group. During further dissection of soft tissue, attention was paid on minimizing the damage to soft tissue and blood supply for fragments. Both direct and indirect reductions were performed to reconstruct anatomy of proximal humerus with the assistance of C arm fluoroscopy machine. Then, locking plates were positioned lateral to the bicipital groove and 1 cm inferior to upper humeral greater tuberosity laterally and posteriorly to rehabilitate proximal humerus. Next, a bicortical screw was secured to humeral shaft to fix the plate, and the plate position was checked using a C arm fluoroscopy machine. A minimum of 5 locking screws were inserted proximally after confirming excellent reduction and plate position, after that more distal locking screws were inserted. Finally, non-absorbable sutures were used to fix the rotator cuff through the proximal plate holes, and wound was closed carefully.

### Nail group

A deltoid-splitting approach and a rotator cuff incision were performed after closed reduction of the proximal humeral fracture. Then, the entry point was identified after temporary fixation of fracture fragments with Kirschner wires, which was 1 cm medial to the greater tuberosity. Then, the humeral canal was reamed after introduction of guidewire through entry point. The intramedullary nail connecting with the targeting device was inserted into medullary cavity along with guidewire until the nail reaches below the cartilage. Then, 3 proximal locking screws and 2 distal locking screws were inserted with drill sleeves and targeting sleeves, respectively. Finally, the rotator cuff was sutured with non-absorbable sutures carefully, and wound was closed carefully.

### Postoperative rehabilitation regime

Postoperative rehabilitation regime was same for the plate group and the nail group. A sling bandage was used to stabilize the affected extremity against the chest for 4 weeks. Passive exercises were started on the first postoperative day, while active assistant and active exercises were started 6 weeks postoperatively. Active resisted exercises were started 3 months postoperatively.

### Conservative group

A closed reduction was performed if the displacement of fracture fragment was \>50% of the diaphyseal diameter, and an X-ray was performed for reduction confirmation. Patients who received conservative treatment were immobilized in a sling bandage stabilizing the arm against the chest for 4 weeks. Passive range of motion exercises were started after 2 weeks, which was supervised by a physical therapist at the first time. The other rehabilitation regime in the conservative group was identical to postoperative rehabilitation regime for the surgical groups.

Follow-up
---------

Patients were followed up at 2 weeks, 1, 3, 6, 12 and 24 months. A physical examination was done at 6, 12 and 24 months postoperatively. The shoulder range of motion was measured using a standard goniometer. The primary outcome was a Constant--Murley score assessed at 24-month follow-up in the study. The American Shoulder and Elbow Surgeons (ASES) scores and a 10 cm visual analog scale (VAS) score for pain were recorded for further evaluation.

Proximal humeral radiographs were obtained immediately after surgery and at 1, 3, 6, 12 and 24 months. The radiographs were evaluated for bone union, the presence of complication and neck-shaft angle. The bone union was defined as the presence of bridging callus at the fracture site. The complications during the whole follow-up period were recorded, which included osteonecrosis, malunion or nonunion of fracture, penetration of screws and loss of reduction.

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS statistical version 19.0 in this study. Continuous variables and categorical variables were summarized as mean ± standard deviation and absolute number (percentages), respectively. Chi-square test was applied for categorical variables, and Student's *t*-test was applied for normally distributed continuous variable. Mann--Whitney *U* test was adopted for normally distributed continuous variable. *P*\<0.05 was considered as significant difference.

Results
=======

A total of 184 patients (92.9%) completed a minimum of 24 months of follow-up. There were 1, 5 and 3 patients lost to follow-up, and 2, 2 and 1 case of death in the plate group, the nail group and the conservative group, respectively. The demographic characteristics were comparable among each group, and they did not differ in the age, fracture type and medial cortical comminution ([Table 1](#t1-cia-12-2047){ref-type="table"}). Ninety-seven patients were with 2-part fractures (38 in the plate group, 36 in the nail group and 23 in the conservative group) and 87 patients with 3-part fractures (31 in the plate group, 36 in the nail group and 20 in the conservative group). Medial cortical comminution was found in 18 patients in the plate group, 21 patients in the nail group and 10 patients in the conservative group. No differences were observed in bone union time among the plate group (14.2±2.8 weeks), the nail group (14.6±3.2 weeks) and the conservative group (15.1±2.9 weeks).

For 2-part proximal humeral fractures, there were no statistically significant differences in the Constant--Murley scores and the ASES scores among the plate group, the nail group and the conservative group ([Table 2](#t2-cia-12-2047){ref-type="table"}). At 6-month follow-up, the conservative group showed a statistically higher VAS score and a statistically lesser forward elevation than the plate group and the nail group. No significant differences were found in forward elevation and VAS scores among the plate group, the nail group and the conservative group at 12-month and 24-month follow-up. External rotation was significantly greater in both the plate group and the nail group than in the conservative group during the whole follow-up period, and no statistical difference was observed between the plate group and the nail group ([Figure 2](#f2-cia-12-2047){ref-type="fig"}).

For 3-part proximal humeral fractures, significantly greater Constant--Murley scores were found in the plate group and the nail group than in the conservative group, and only the plate group showed statistically higher ASES scores than the conservative group ([Table 3](#t3-cia-12-2047){ref-type="table"}). The Constant--Murley scores and the ASES scores were comparable between the plate group and the nail group. At 6-month follow-up, the forward elevation was greater in the plate group and the nail group than the conservative group, and the nail group showed higher VAS scores than the conservative group. The VAS score was obviously lower in the plate group than the conservative group, but it did not reach significance (*P*=0.066). No statistical difference in forward elevation and VAS score was observed among the 3 groups at 12-month and 24-month follow-ups ([Figure 3](#f3-cia-12-2047){ref-type="fig"}). A significantly lesser external rotation was found in the conservative group, but no statistical difference was found between the nail group and the plate group.

A total of 38 complications were recorded, 18 (26.1%) (7 in 2-part fractures and 11 in 3-part fractures) in the plate group, 13 (18.1%) (5 in 2-part fractures and 8 in 3-part fractures) in the nail group and 4 (9.3%) (1 in 2-part fractures and 3 in 3-part fractures) in the conservative group. No significant difference was found in the total complication rate for 2-part and 3-part proximal humeral fractures among the plate group, the nail group and the conservative group. In the plate group, there were 8 screw penetrations, 3 avascular necrosis, 3 acromion impingement, 2 fracture re-displacement, 1 nonunion and 1 infection. For intramedullary nailing, 6 screw penetrations, 3 rotator cuff injuries, 2 avascular necrosis and 2 fracture displacements were observed. For patients with conservative treatment, there were 2 shoulder stiffness, 1 avascular necrosis and 1 nonunion.

Discussion
==========

The increasing proportion of elderly people and more active lifestyles increase the incidence of proximal humeral fractures,[@b17-cia-12-2047] and the management of displaced proximal humeral fractures in the elderly remains controversial. We performed a prospective study to evaluate the efficacy of locking plates, intramedullary nails and conservative treatment for the management of displaced proximal humeral fractures in the elderly. We found that locking plates, intramedullary nails and conservative treatment were comparable in recovering shoulder function for 2-part proximal humeral fractures. No significant difference was found in shoulder function scores between the plate group and the nail group for 3-part fractures, but they were significantly greater than the conservative group. Both 2-part and 3-part fractures showed a lesser external rotation in the conservative group during the whole follow-up period. There were no statistical differences in forward elevation, VAS score and total complication rate among the 3 groups after final follow-up.

In our study, the plate group and the nail group showed comparable shoulder functional scores for 2-part and 3-part proximal humeral fractures. Several studies demonstrated good clinical outcomes with comparison of intramedullary nails and locking plates in the management of proximal humeral fractures.[@b11-cia-12-2047],[@b12-cia-12-2047],[@b15-cia-12-2047],[@b18-cia-12-2047]--[@b20-cia-12-2047] Zhu et al[@b12-cia-12-2047] conducted a randomized controlled study to compare functional outcomes between intramedullary nails and locking plates for 2-part proximal humeral fractures and concluded that both implants could achieve satisfactory outcomes in the management of 2-part proximal humeral fractures without statistical difference at the final follow-up. Gracitelli et al[@b15-cia-12-2047] concluded that locking plates and intramedullary nails lead to similar clinical and radiological results in the fixation of 2-part and 3-part proximal humeral fractures. A retrospective study compared 4 common methods in the management of 2-part and 3--4-part proximal humeral fractures and concluded that comparable outcomes were obtained with locking plates and intramedullary nails for 2-part and 3--4-part fractures.[@b16-cia-12-2047] Upon comparing with 2 previous randomized controlled studies, the Constant--Murley scores of our study were similar to those of Gracitelli et al's study,[@b15-cia-12-2047] but inferior to those of Zhu et al's study.[@b12-cia-12-2047] This divergence might be because 3-part proximal humeral fractures were included, and the mean age of the patients was older in our study. In addition, the mean Constant--Murley score at final follow-up in most studies usually ranged from 70 to 90, which was identical to our results. A randomized controlled trial showed a significantly higher rate of total complications with intramedullary nails,[@b15-cia-12-2047] but Zhu et al[@b12-cia-12-2047] and Hardeman et al[@b21-cia-12-2047] reported a higher complication rate when patients were treated with locking plates. In our study, the absolute number of total complications in the plate group was higher, but the total complication rates did not reach statistical difference, which were identical to those reported in a meta-analysis that concluded that total complication rates did not show statistical difference between the intramedullary nails and locking plates.[@b22-cia-12-2047] The forward elevation and external rotation in the nail group were inferior to the plate group, but it did not reach statistical difference. The damage to the supraspinatus tendon when intramedullary nailing was done might explain the lower forward elevation and external rotation in the nail group.[@b23-cia-12-2047]

Conservative treatment was indicated in non-displaced or minimally displaced fractures with reasonable functional results and few complications.[@b24-cia-12-2047] In the study, intramedullary nails and locking plates had comparable functional results compared to conservative treatment for 2-part proximal humeral fractures. These results are consistent with a previous work which reported that intramedullary nails and the locking plates failed to find a more beneficial clinical outcome than the conservative treatment for 2-part proximal humeral fractures.[@b16-cia-12-2047] A multicenter randomized clinical trial on patients with displaced proximal humeral fractures involving the surgical neck concluded that surgical treatment failed to achieve better patient-reported clinical outcomes than nonsurgical treatment at overall or individual time points.[@b25-cia-12-2047] In the abovementioned study, the majority of fractures were minimally displaced or 2-part fractures. Hauschild et al[@b24-cia-12-2047] demonstrated that both conservative treatment and operative treatment (locking plates and intramedullary nails) were a safe and effective therapeutic option for 2-part proximal humeral fractures. They reported a better range of motion and pain reduction in the early postoperative course diminishes over time and became comparable at final follow-up.[@b24-cia-12-2047] In our study, the shoulder function scores were similar among the surgical groups and the conservative groups, and the VAS scores and forward elevation were only better in the surgical groups in the management of 2-part and 3-part fractures at 6-month follow-up. However, the shoulder external rotation remained significantly lesser in the conservative group for 2-part and 3-part fractures. The pain might partially compromise the range of motion, especially the forward elevation. Moreover, the external rotation mainly depends on infraspinatus and teres minor, which are attached to the greater tuberosity of humerus.[@b26-cia-12-2047],[@b27-cia-12-2047] Displaced fractures were closely reduced, and the greater tuberosity was not fixed in the conservative group. Consequently, the good position of the greater tuberosity in the surgical groups might contribute to a better external rotation.

The advantages in functional outcomes favor the use of locking plates and intramedullary nails in the management of 3-part proximal humeral fractures. Olerud et al[@b28-cia-12-2047] carried out a randomized controlled trial on 3-part fractures in elderly patients for comparing conservative treatment with locking plates. The result indicated supportive clinical outcomes with locking plates over conservative treatment. However, another randomized controlled trial reported no differences in the functional outcome between conservative treatment and locking plate in patients \>60 years of age with 3-part and 4-part fractures.[@b29-cia-12-2047] However, it was difficult to interpret the comparison, because a mixed population of 3-part and 4-part fractures were analyzed together. The shoulder function scores may be influenced largely by inclusion of 4-part fractures. Initial displacement was related to progression of displacement when displaced proximal humeral fractures were treated conservatively.[@b30-cia-12-2047] Therefore, 3-part fractures with greater displacement preoperatively would have a potential greater progression of displacement in the conservative group than in the plate group and the nail group after surgery, and locking plates and intramedullary nails could provide more stable fixation to prevent further displacement to achieve better clinical outcomes for 3-part fractures. One clinical study showed that conservative treatment for 3-part and 4-part proximal humeral fractures in the elders (\>75 years old) resulted in good pain relief with limited functional outcome, but the limited functional outcome did not have effect on daily life.[@b31-cia-12-2047] The reported Constant--Murley scores were lower than those of this study (79.07±8.39) for conservative treatment, which might be due to inclusion of 4-part fractures and older age of patients. Locking plates were currently used for displaced 2-, 3-, and 4-part proximal humeral fractures, but it was reported to be associated with higher complications, ranging from 16% to 64%.[@b32-cia-12-2047] In our study, for both 2-part and 3-part fractures, although the complication rate in the plate group was obviously higher than the conservative group, no significant difference was found.

Our study had several limitations. The patients were not divided into groups randomly in this prospective study, but the basic characteristics of demographics were comparable. The surgeons and physical therapists were not blinded to the type of treatment, which might cause a bias. Besides, the short duration of follow-up might induce an underestimation of the complication rate in the long-term. Another limitation was a small sample size of our study. Therefore, larger sample prospective randomized controlled studies with long-term follow-up are warranted.

Conclusion
==========

Similar satisfactory functional outcomes can be achieved with locking plates, intramedullary nails or conservative treatment for 2-part proximal humeral fractures in the elders. The advantages in functional outcomes favor locking plates and intramedullary nails in the management of 3-part proximal humeral fractures.
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###### 

Demographic characteristics

  Characteristics                                         Plate group (N=69)   Nail group (N=72)   Conservative group (N=43)   *P*-value
  ------------------------------------------------------- -------------------- ------------------- --------------------------- -----------
  Sex, n (%)                                                                                                                   0.294
   Male                                                   24 (35)              22 (31)             9 (21)                      
   Female                                                 45 (65)              50 (69)             34 (79)                     
  Age (years), mean ± SD                                  75.14±8.46           76.89±8.12          74.12±7.65                  0.181
  Neer classification, n (%)                                                                                                   0.828
   2-part                                                 38 (55)              36 (50)             23 (53)                     
   3-part                                                 31 (45)              36 (50)             20 (47)                     
  Dominant side involved                                  37 (54)              34 (49)             19 (44)                     0.583
  Medial cortical comminution                             18 (26)              21 (29)             10 (23)                     0.780
  Interval between surgery and injury (days), mean ± SD   9.25±4.29            9.60±4.14           8.98±3.98                   0.622

###### 

Clinical outcome of locking plates, intramedullary nails and conservative treatment for 2-part proximal humeral fractures

                                       Plate group, mean ± SD                    Nail group, mean ± SD                    Conservative treatment, mean ± SD   
  ------------------- ---------------- ------------------------ ---------------- ----------------------- ---------------- ----------------------------------- ------
  Constant--Murley    6 months         62.19 (9.72)                              65.44 (10.65)                            63.65 (10.05)                       
  12 months           73.81 (8.82)                              73.56 (9.76)                             71.5 (7)                                             
  24 months           82.23 (7.96)                              82.03 (9.12)                             81.85 (6.81)                                         
  ASES score          6 months         64.32 (9.78)                              63.94 (11.47)                            63.45 (9.16)                        
  12 months           72.81 (7.64)                              72.67 (8.99)                             71.1 (6.7)                                           
  24 months           80.06 (9.03)                              81.53 (8.88)                             79.9 (6.08)                                          
  Forward elevation   6 months         148.84 (11.56)           Δ                147.78 (13.39)          ※                140.75 (10.42)                      Δ, ※
  12 months           153.45 (12.18)                            155.86 (13.76)                           152.15 (14.45)                                       
  24 months           164.23 (9.12)                             160.78 (12.71)                           159.7 (10.49)                                        
  External rotation   6 months         41.39 (6.4)              Δ                40.11 (5.14)                             37.2 (6.25)                         Δ
  12 months           44.74 (5.64)     Δ                        42.97 (6.64)                             40.45 (5.13)     Δ                                   
  24 months           48.32 (6.92)     Δ                        45.86 (8.52)                             42.65 (6.93)     Δ                                   
  VAS score           6 months         1.89 (1.13)              Δ                1.78 (1.4)              ※                2.55 (1.2)                          Δ, ※
  12 months           1.45 (0.81)                               1.42 (1.05)                              1.65 (0.88)                                          
  24 months           0.81 (0.6)                                0.83 (0.66)                              0.95 (0.51)                                          

**Note:** The symbols Δ and ※ indicate significant differences between two values with the same symbol in the same line.

**Abbreviations:** ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale.

###### 

Clinical outcome of locking plates, intramedullary nails and conservative treatment for 3-part proximal humeral fractures

                                       Plate group, mean ± SD                    Nail group, mean ± SD                    Conservative treatment, mean ± SD   
  ------------------- ---------------- ------------------------ ---------------- ----------------------- ---------------- ----------------------------------- ------
  Constant--Murley    6 months         62.63 (12.16)            Δ                61.86 (10.12)           ※                55.7 (9.74)                         Δ, ※
  12 months           70.24 (9.99)     Δ                        70.06 (9.62)     ※                       64.35 (9.23)     Δ, ※                                
  24 months           79.05 (9.72)     Δ                        78.81 (8.89)     ※                       73.17 (8.46)     Δ, ※                                
  ASES score          6 months         61.16 (11.58)            Δ                60.19 (10.7)                             55.35 (9.21)                        Δ
  12 months           70.25 (8.89)     Δ                        69.05 (9.68)                             64.57 (9.1)      Δ                                   
  24 months           78.25 (8.74)     Δ                        77.21 (10.13)                            72.43 (9.7)      Δ                                   
  Forward elevation   6 months         142.47 (14.76)           Δ                141.58 (12.97)          ※                134.74 (11.66)                      Δ, ※
  12 months           148.53 (14.54)                            151.44 (14.36)                           144.74 (13.78)                                       
  24 months           158.13 (14.38)                            156.44 (13.44)                           151.91 (14.12)                                       
  External rotation   6 months         39.29 (5.75)             Δ                37.56 (5.47)            ※                33.26 (5.21)                        Δ, ※
  12 months           42.84 (5.69)     Δ                        40.53 (6.3)      ※                       36.61 (5.53)     Δ, ※                                
  24 months           45.61 (8.17)     Δ                        43.03 (8.12)     ※                       38.48 (8.53)     Δ, ※                                
  VAS score           6 months         2.37 (1.53)                               2.25 (1.42)             ※                3.17 (1.78)                         ※
  12 months           1.71 (1.04)                               1.69 (1.04)                              2.13 (1.1)                                           
  24 months           1.13 (0.74)                               1.03 (0.69)                              1.13 (0.76)                                          

**Note:** The symbols Δ and ※ indicate significant differences between two values with the same symbol in the same line.

**Abbreviations:** ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale.
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